This paper uses micro-data on balance sheets, trade, and the nationality of ownership of firms in France to investigate the effect of foreign multinationals on business cycle comovement. We first show that foreign affiliates, which represent a tiny fraction of all firms, are responsible for a high share of employment, value added, and trade both at the national and at the regional levels. We also show that the distribution of foreign affiliates across regions differs with the nationality of the parent. We then show that foreign affiliates increase the comovement of activities between their region of location and their country of ownership. Moreover, we find greater comovement among French regions that have a more similar composition in terms of the nationality of foreign affiliates. These findings suggest that a non-negligible part of business cycle comovement is driven by a few multinational companies, and that the international transmission of shocks is partly due to linkages between affiliates and their foreign parents.
Introduction
A few large firms have disproportionate influence on aggregate economic outcomes. Nokia in Finland, Dell in Ireland, Samsumg and Hyundai in South Korea are often cited as examples of the influence of a few firms on the economic activities of nations. Even in a country as large as the U.S., the sales of the top 50 firms represent about one fourth of the GDP.
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Beyond these facts, Gabaix (2011) has theorized and shown that U.S. aggregate fluctuations are greatly influenced by shocks to large firms. di and di Giovanni, Levchenko and Méjean (2011) also provide systematic evidence of the key role of large firms in aggregate fluctuations. Parallel contributions point to striking heterogeneity between large and small firms. They adjust labor differently along the cycle (Moscarini and Postel-Vinay, 2009 ), they have different pricing strategies (Goldberg and Hellerstein, 2009) , and different innovation responses (Mansfield, 1962) . We document that large firms differ also in terms of their ownership structure from smaller firms. More specifically, the share of foreign affiliates is substantially larger among large firms than among smaller ones. We then provide evidence that these few but large foreign affiliates give rise to aggregate cofluctuations.
Majority-owned affiliates of foreign firms in France represent about 5% of the total number of French firms, but their contributions to the economic activities of France and its regions are substantial: they account for 23% of employment, 32% of value added, and half of total trade. Moreover, it is likely that their activities are closely linked to the environment in their source country and to the activities of their foreign parent company (Desai and Foley, 2004) . They might therefore affect the correlation of business cycles between their home country and host locations.
In order to analyze the effects of foreign affiliates on business cycle comovements, we need a dataset that identifies the firms and their source country carefully, as well as their share in economic activities. We rely on detailed firm-level data from the French statistical office that include the balance sheet and the nationality of all firms located in France. The data have also detailed information on their location in each of the 21 Metropolitan French regions. We combine this information to precise data on bilateral trade and intra-firm trade. We then aggregate the data at the level of the regions and construct the share of employment generated by foreign affiliates in each region and their intensity in intra-firm trade based on their nationality.
Our econometric analysis makes use of two complementary approaches. First, we match the data to a large cross-section of bilateral pairs of correlations between the growth rate in a region's and a country's GDP. We relate business cycle comovement between French regions and foreign countries to the importance of the activities of foreign affiliates from the particular country in the region. Second, we focus on cross-region GDP correlations. We analyze whether the dissimilarity in the composition of the nationalities of foreign affiliates across regions affects cross-regional GDP correlations. This second methodology gives us the 1 advantage of carefully controlling for the similarity of production structures between regions, as it has proven to be an important determinant of business cycle correlations (Imbs, 2004) . It has also the advantage of ruling out some sources of external influence, such as the exchange rate or monetary policies.
Our paper offers new insights that go beyond the findings of the literature. We contribute to the aforementioned literature on large firms by documenting an important dimension that has been overlooked; namely, their nationality and ownership. More specifically, we show that the affiliates of foreign firms are large in French regions. In Alsace for instance, they account for 10% of the regional number of firms, half of total sales and value added and about 3/4 of trade. Moreover, since our data track their nationality of ownership, we document that the distribution of the activities of foreign affiliates based on their source country is uneven across regions.
2 We use this heterogeneity to identify the source of business cycle correlations.
We contribute to the literature on business cycle fluctuation in four respects. First, while other studies have focused on the role of foreign direct investment (Jansen and Stokman, 2006; Hsu et al., 2011) , we measure the real activity of foreign affiliates and show that they have affected the comovement of economic activities significantly.
3 More specifically, the share of foreign affiliates in regional employment and the regional intensity in intra-firm trade increase the correlation between the regional growth in GDP and that of the country of ownership significantly. This result is consistent with the findings of Burstein, Kurz and Tesar (2008) who show that production sharing is an important determinant of synchronization.
4
In addition, we show that this positive and significant impact of the activities of foreign affiliates is robust to the inclusion of several other potential important sources of business cycle comovement, such as bilateral trade (Frankel and Rose, 1998) , sector specialization and intra-industry trade (Imbs, 2004) , distance or border (Clark and van Wincoop, 2001 ) and demand and supply shocks.
5 Second, we demonstrate that it is important to analyze business cycle comovements at the regional level. We show that the comovements within France are heterogenous. Some business cycle correlations of distant and structurally different regions are negative, while the correlations of cycles of French border regions with their neighboring countries is positive. At the same time, firms from neighboring countries are usually important actors in French 2 The share of value added by US foreign affiliates in Haute Normandie is 5 times bigger than in Bretagne. The share of value added by Japanese foreign affiliates in Nord Pas-de-Calais is 3,000 times bigger than in Midi-Pyrénées.
3 On evidence of the effect of bilateral FDI on the comovement of OECD countries, see Jansen and Stokman (2006) . 4 Bergin, Feenstra and Hanson (2009) also point to the transmission of economic shocks through foreign multinationals.
5 Beside the influent contribution of Frankel and Rose (1998) , many papers find evidence that more bilateral trade between countries leads to more business cycle synchronization. See among others: Baxter and Kouparitsas (2005) , Kose and Yi (2006) , Calderon, Chong and Stein (2007), Inklaar, Jong-A-Pin and de Haan (2008) . In a refinement of the literature, few papers advocate the specificity of trade in intermediate inputs or production sharing between countries Burstein, Kurz and Tesar (2008) , di Giovanni and Levchenko (2010) Johnson (2011) and Ng (2010) .
border regions. Positive and close correlations of GDP growth rates are however not only a feature of adjacent regions, but can be observed for several region-country pairs. The business cycle of a foreign country might be therefore correlated or not to the business cycles of each particular region.
Third, we find that the impact of foreign affiliates on business cycle comovements has the same order of magnitude as the effect of bilateral trade. Importantly, the effect of the presence of foreign affiliates on business cycle comovements is robust to the inclusion of exogenous components of business cycle comovements such as distance and border, whereas bilateral trade is not. Within France, we show lower business cycle comovements between more dissimilar regions. This effect is robust to the inclusion of production similarity, distance and border and regional fixed effects. In other words, we find the multinational linkage to be more robust than the trade linkage.
Fourth, we provide evidence that, on top of country and sector determinants of cofluctuations emphasized in the literature, the characteristics of firms such as size and foreign ownership matter to understand business cycle comovement.
The remainder of this paper is structured as follows. Section 2 provides a discussion of the source of the influence of foreign affiliates on business cycle correlations. Section 3 provides a thorough discussion of the data and the construction of the bilateral database. In section 4, we provide three sets of stylized facts that show (i) the importance of foreign affiliates in regional economic activities, (ii) the spatial distribution of investors in French regions based on their nationality and (iii) the unconditional correlations between the GDP growth of regions and countries. Section 5 describes the empirical methodology and discusses the construction and sources of the main empirical variables. In section 6, we present the econometric results. Section 7 concludes.
Sources of Influence
Most works looking at the determinants of business cycles were originally motivated by the possibility of an endogenous optimal currency area. Frankel and Rose (1998) argue that more integration leads to a greater business cycle synchronization. From a theoretical point of view, more trade does not necessarily lead to comovement. It depends on the nature of shocks and the patterns of trade. For instance, productivity shocks should lead to a greater specialization of countries in a world of inter-industry trade, and thus less comovement. By contrast, in a world of intra-industry trade, the same shocks should have the opposite effects. A deeper discussion can be found in di Giovanni and Levchenko (2010) . Similarly to trade, the link between the presence of foreign affiliates and business cycle comovement depends on the pattern of linkages between the parent and its affiliates and the nature of the shocks. However, since we now look at firms, a third element of influence matters, namely the size of the foreign affiliates. In order to understand the role of foreign affiliates in the synchronization of business cycles, we need first to establish the conditions under which the shocks are transmitted from the parent to the affiliates. We will then explain the transmission to the economic aggregates and explain the comovement of business cycles.
Assume the two extreme cases of vertical and horizontal multinational firms. Vertical multinationals fragment their production process across geographic space. The parent and its affiliates are related through trade in intermediate inputs. In such cases, any demand shocks will transmit to each stage of the chain, inducing strong linkages between the activities of the parents and the affiliates. A productivity shock or a technology shock may have similar consequences. If the multinational firm is horizontal and the foreign affiliates produce for the local market, then a local demand shock to the parent or to the affiliates should have no effect on one or the other. The reason is that in this extreme case, the production of the affiliates and the parent are independent. A positive correlation of activities would simply reflect that demand shocks for the parents and the affiliates are correlated. In the case of productivity or technology shocks, the impact on the correlation of activities in unclear. One possibility is that the parents which receive a technology shock transfer the technology to their affiliates. This would lead to a positive correlation of economic activities. Recent evidence provided by Ramondo, Rappoport and Ruhl (2011) shows vertical relationships between parents and affiliates without intra-firm flows. They suggest multinational firms transfer intangible inputs through the production chain. Such transfer could also be the source of linkages between parents and affiliates. In the same vein, Atalay, Hortacsu and Syverson (2012) provide evidence that, in the US economy, vertical linkages between firms are not primarily concerned with goods' trade. They show however that such structure allows firms to transfer intangible inputs.
Production sharing or technology transfers explain the positive correlation of activities and the transmission of shocks between parents and affiliates. Assume now that this transmission takes place. We need to understand how the relation between the parent and the affiliates might influence aggregate business cycle comovement. We suppose first that the parent faces a macroeconomic shock. Examples of such macro-shocks include a new technology available in the country or a natural disaster. In such cases, if the foreign affiliates are sufficiently large, then their own activities have a non-negligible impact on the activities of their regions of location. The macroeconomic shock in the parent country is thus transmitted to foreign affiliates and to the foreign country, which induces a correlation of activities between the two economies.
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If the parent faces idiosyncratic shocks, then it must be large enough to drive output fluctuations in its domestic country. Gabaix (2011) shows that part of the US GDP slowdown in 1970 was driven by a 10-week-long strike at General Motors. If this type of shock is transmitted to foreign affiliates, they might influence the fluctuation of GDP in their host country, given that they are also large enough.
In this paper, we do not investigate the type of shock and the nature of the relationship between the parent and its affiliates. Our aim here is to examine the role of foreign affiliates in business cycle synchronization. We need the activities of affiliates to be correlated to the activities of their parent. These foreign affiliates must also be important in the economic activities of the regions where they are located. In the remaining of the paper, we document that foreign affiliates are large enough in French regions to transmit shocks. We also provide reduced form evidence that the presence of foreign affiliates affects the correlation of the business cycles between their host regions and their country of ownership positively.
The Data
We build a database that describes value added, employment, and sales in French regions, as well as these regions' bilateral exports to and imports from 162 partner countries (with a distinction between trade between related parties and arm-length trade) in the manufacturing, extractive, and agricultural industries. Within regions, this information is disaggregated based on the ownership status of the firm. Namely, we distinguish the economic activities of independent firms, French affiliates, and foreign affiliates.
The dataset is based on the the aggregation of five confidential micro-datasets that are provided by different French administrations. The data are then matched to a vector of bilateral correlations of business cycles between 21 Metropolitan French regions and 162 countries. We briefly describe the main traits of our database in the next paragraphs. We give more details on the data and data processing in the data appendix (Appendix A)
The balance-sheet information on sales, value added, and employment is taken from the BRN data (Bénéfice Réel Normal). The BRN is a compulsory report for all firms that have an annual turnover of more than 763,000 euros. In order to identify the ownership status of the firms, we use the LIFI data which is an administrative dataset on the ownership and nationality of the parent company of firms located in France (LIaison FInancière).
7 We classify firms based on their nationality and ownership. According to the French statistical institute (INSEE), a firm is an affiliate of a group if the latter has the (direct or indirect) majority of voting rights. In our data, the share of voting rights owned by the parent firms varies from 50% to 100%. While the average share of voting rights is 86%, the median is 99%. We can therefore expect the parent company to exert a control on the decisions of the majority-owned affiliates. We distinguish between foreign and French affiliates. A French affiliate, which we denote by M N E, is loacted in France and owned by a French group. We denote the foreign affiliates by F M E, which are located in France and owned by a foreign group. We also keep track of their nationality whenever they are foreign-owned. The residual group of firms is denoted by IN D. It is composed of firms that are located in France, but that are not owned at a majority by a group.
Data on bilateral exports and imports of firms located in France are provided by French Customs. In 2004, 15% of the total number of registered firms are engaged in foreign trade (exports, imports or both). Yet the participation of firms to foreign trade differs to a great extent with their ownership structure and nationality. Among the three categories of firms defined above, the group of independent firms is far less internationalized than the group of affiliates of French firms. While we only find 9.6% of the total number of independent firms that are trading, there are respectively 36% of French affiliates and 78% of foreign affiliates that participate to foreign trade.
We also use information on intra-firm trade as an alternative measure of the presence of foreign affiliates.
8 . We use the EIIG firm-level survey (Échanges Internationaux IntraGroupe) from the INSEE which provides a detailed geographical breakdown of the import and export value of French firms and their sourcing modes -outsourcing and/or intra-firm trade.
At this stage, our data consist of a comprehensive panel of 184,929 firms, for the 1999-2004 period. A firm located in France might have branches in different regions. When it comes to filing the BRN or the Customs' forms, the value added, sales or trade values are always allocated to the region of location of the headquarters. We follow the INSEE methodology and reallocate the value added, sales and trade of multi-plant firms across regions.
9 The statistics are then aggregated to the level of each of the 21 Metropolitan regions. This database at the regional level is combined with a dataset that contains the correlation of the business cycles between a French region i and a partner country c. We consider 162 partner countries over the 1990-2006 period.
10 As a measure of regional GDP, we use the publicly available yearly GDP computed by INSEE over the 1990-2006 period. We combined it with World Bank yearly data for the GDP of the countries, in current US dollars. The database is completed with the total exports and imports of the partner countries, that we take from the Direction Of Trade Statistics (DOTS).
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Firms in French Regions: Nationality and Ownership
As discussed in Section 3, there are two necessary conditions for business cycles to be transmitted across borders by multinational firms. First, the activities of the parent and foreign affiliates must be positively correlated. Second, foreign affiliates must be large enough to affect aggregate fluctuations in their host regions. The first condition was recently documented by Desai and Foley (2004) who show a positive correlation between the activity of parents and foreign affiliates. There is also a large literature on intra-firm trade which shows that parent companies organized their production at a global scale using their networks of foreign affiliates (Helpman, 2011) . At first sight, the second condition is less obvious. The first set of statistics provides evidence on the importance of domestic and foreign affiliates for the output of their region of location.
8 Note that (Burstein et al., 2008) use it as a proxy for production sharing. 9 In our sample, only 1.8% of firms are multi-plant and multi-region. Yet these firms account for 9.8% of total employment.
10 The correlation of the cycles between region r and country c is computed either as the correlation in the annual growth rates or as the correlation of HP-filtered GDPs.
11 As detailed in Appendix A, values in dollars are converted into euros using the euro-dollar exchange rate from Eurostat.
In the empirical analysis, we use French regional data to measure the correlation between the presence of multinationals and business cycle comovement. Thus, we need some heterogeneity across regions to identify our econometric model. The second set of descriptive statistics intends to show that there are disparities across regions in i) the intensity of the production of foreign multinational affiliates, ii) the origin of those foreign affiliates, and iii) in the pattern of aggregate cofluctuations.
The Key Role of Foreign Affiliates
It is well documented that multinational firms represent only a tiny fraction of the total number of firms. However, the aforementioned literature has emphasized that even a few firms may contribute substantially to GDP and employment. We aim to show that the affiliates of foreign firms explain a non-negligible part of aggregate co-fluctuations despite their low number and because they are the largest firms.
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In Table 1 , we provide a regional breakdown of the yearly contribution of independent firms, French affiliates, and foreign affiliates for six different outcomes: number of firms, employment, sales, value added and exports and imports. Perhaps the most informative feature of Table 1 is the disproportionate role of affiliated firms -foreign affiliates in particular -in aggregate outcomes.
- Table 1 2. We find that trade is extremely concentrated among the group of foreign affiliates. On average, FMEs which represent 5.2% of the total number of firms account for about 47% of exports and more than 56% of imports. The contribution of French affiliates to international trade is also sizeable. They account for one third of French imports and 40% of French exports.
3. The concentration is very pronounced in some regions as Alsace or Bretagne. In Alsace, 10% of firms are foreign-owned while they represent about 50% of value added, 70% of exports and 80% of imports. In Bretagne, foreign affiliates represent about 3 percent of firms in the region, but make up 15% of the region's value added and about 2/3 of its trade (import and export).
Among the group of foreign affiliates, the concentration of economic activities rests on very few firms as shown in Table 2 . In Auvergne, the five largest foreign affiliates account for two-thirds of the total value added of all foreign affiliates. Taking the 10 largest foreign affiliates, this share reaches 73.8%. Given that foreign affiliates account for more than 30% of Auvergne's value added, the ten largest foreign affiliates account for more than 22% of the regional value added. Auvergne is not a particular case, the concentration of economic activities in the hands of a few foreign affiliates can be observed across regions.
13 With respect to trade, the importance of the largest foreign affiliates is even more pronounced.
- Table 2 about hereStylized facts from Tables 1 and 2 point to the importance of foreign affiliates in the regions. A change in their output or trade activities will affect regional GDPs directly. Adding indirect effects, through the link to local suppliers and customers, the impact of foreign affiliates would probably be even larger.
In Figures 1, and 2 , we refine our arguments by comparing French and foreign firms in France. We investigate the ownership breakdown of the share of value added by the largest 1% firms. We also show figures on the composition of firms in the remaining sample, once we exclude the top 1% firms.
-Figures 1, and 2 about here -
The results are striking. About 30 to 70 percent of the largest (top1%) firms have a foreign ownership. Less than 10 percent are independent. By contrast, as we show in Fig.  2 , the remaining group of firms is mostly made up of independent firms and the share of foreign affiliates is never greater than 10 percent.
14 . This fact suggests that firms are not only different with respect to their size and that few firms are sizably larger than other firms, but they are also different in terms of their ownership structure.
Figure 3 displays a box-plot that depicts the highest and smallest ranks, as well as the first, second, and third quartiles of ranks of foreign affiliates among the 500 largest firms in every French region. It shows that FMEs tend to be the largest among the largest firms. More specifically, one can see that the distribution of ranks has median and first and third quantiles on the left of the figure, meaning foreign affiliates tend to have ranks closer to 1 than to 500, in almost every region. On can also see that the minimum rank is close to zero, meaning that among the 10 largest firms in the regions, some are foreign affiliates. Eventually, a glance at the data reveals that on average half of the 10 largest firms in French regions are foreign affiliates.
- Figure 3 - 
The Importance of the Nationality of Ownership
We have shown that foreign affiliates constitute a large share of regional employment, value added and trade. Another important dimension concerns their country of ownership. In order to have an impact on business cycle comovement, affiliates from a particular foreign country must contribute to a significant share of regional outcomes. In France, 55% of the number of foreign affiliates are owned by parents from the United States, Spain, Germany, the United Kingdom, and the Netherlands. They account for more than two-thirds of the total value added made by foreign affiliates.
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To be able to use the cross-region dimension of the data, we need some heterogeneity with respect to the nationality of foreign affiliates across regions. The share of value added is expected to be high for some investors in bordering regions, but the border alone cannot explain the location of activities and the comovement. Fortunately, the shares of value-added by country of ownership are not evenly distributed across all regions. It is interesting to look at the regional distribution of the shares of value added by important source countries; two sharing a border with France (Germany and Spain) and two outside Europe (the U.S. and Japan). This is represented in Figure 4 .
- Figure 4 about hereThese maps show that the value added shares of German affiliates is large in AlsaceLorraine, but also very large in Midi Pyrénées, which does not share a border with Germany.
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Spanish affiliates contribute largely to the value added created in Pays de la Loire and not in the neighboring regions of Midi-Pyrénées or Aquitaine.
An interesting link between foreign affiliates and their country of ownership is intrafirm trade. It has been proved to be a particulary important determinant of business cycle comovement (Burstein et al., 2008) . Table 3 reports evidence on intra-firm exports and imports by French and foreign affiliates across French regions. The first set of results from Table 3 stems from the comparison of exports (columns 1 and 3) and imports (columns 2 and 4) by French and foreign affiliates. While the share of intra-firm trade is already high for French affiliates, it appears that this share is even larger for foreign affiliates. This is particularly relevant for imports. The share of intra-firm imports by foreign affiliates is at least twice the share of intra-firm imports by French affiliates.
17 The table shows that there is an important degree of heterogeneity across regions. About 31% of the trade of affiliates in Aquitaine is intra-firm, while it is 75% for Centre.
- Table 3 about hereThere are multiple linkages between foreign affiliates and their country of ownership. Our data reveal that 13.6% of total exports and 25.6% of total imports of foreign affiliates are with their country of ownership. This is substantial given the large cross-section of countries that we have in our sample. Furthermore, the last two columns of Table 3 show that almost three quarters of the total trade between foreign affiliates and their parent country is intra-firm.
Heterogeneity in Comovement Across Regions and Countries
We now turn to the bilateral correlation between French regional GDPs and the countries studied. If there were only one French business cycle, the regional dimension would not add to the explanation of comovement. In Table 4 , we report the correlation of GDP growth between French regions. While the correlation is as high as 0.9 for a few regions, the correlation is very low and even negative for other pairs. Hence, French regions do not share perfectly correlated business cycles. We shall use this characteristic later on when we analyze the impact of foreign affiliates on business cycle correlations between French regions.
- Tables 4 and 5 about hereIn Table 5 , we report the maximum and minimum correlations of French regions with Germany, Spain, the U.S. and Japan. For Germany and Spain, the unconditional correlation of GDPs is among the highest with the regions where their foreign affiliates represent a substantive share of regional value added. Unexpectedly, we find a negative unconditional correlation for the U.S. and Japan in the regions where they account for a large share of value added.
These stylized facts show that there is heterogeneity in the GDP growth correlations along two dimensions. First, a single country might have a high level of synchronization with some regions and not others. This is the case of Germany both with Alsace and Auvergne. Second, a single region might have a high level of correlation with one country but not with another. This is the case of the GDP growth of Alsace which is positively correlated to German GDP growth but not to Spanish GDP growth.
Empirical Methodology
We propose two complementary strategies to analyze the influence of foreign affiliates on business cycle correlations. In the first approach, we focus on the impact of foreign affiliates on the correlations of GDP growth rates between 21 Metropolitan regions and 162 countries. This large cross-section of correlations therefore has information on countries that do not invest in France. They might however share a trade relationship so that we do not discard them.
18 The sample has enough variation to include region-and country-specific effects, which control for demand and supply shocks. A drawback of this first approach is that the data do not allow to approximating for the similarity in the production structure. Intraindustry trade, which we include as a covariate in the analysis, is a crude proxy for it. 18 The results hold if we only account for the positive value of the foreign affiliates shares because there are enough heterogeneity in the regional distribution of activities across countries of origin. We follow two methodologies. We either introduce in the regressions a dummy which account for the presence of the country of origin in the region or we discard the zero values of the shares in the bilateral pairs. The results are qualitatively similar and in line with our main findings. They are available upon request.
In the second approach, we are therefore focusing on the correlation of GDP growth rates between French regions. We investigate whether regions that show a similar composition in terms of the nationality of foreign affiliates are more synchronized than regions that have a dissimilar composition. This second methodology enables to control rigorously for the similarity in the production structure between two given regions. As noticed by (Imbs, 2004) , this similarity is an important determinant of business cycle comovement. An important advantage of using this second approach is that French regions are similar along many dimensions. They share identical regulations and institutions. The language is the same across regions and there are no tariff barriers between regions. Most fiscal and labor policies (such as the minimum wage) are decided at the country level, while the monetary policies are decided at the European level. When focusing on French regions, we are confident that these characteristics do not drive the differences in the co-fluctuation between French regions. A drawback of this approach is that we do not observe bilateral trade between regions. However, as shown in the empirical trade literature, bilateral trade is predicted by GDPs, distance and borders. We add country and region fixed effects to the analysis and we include distance and borders in our regressions.
A potential concern of both approaches is endogeneity. Neither measurement errors, nor omitted variable bias are an important concern since we have high quality and almost exhaustive data. We are also able to control for almost all possible determinants emphasized in the literature. Reverse causality may be an issue. However, if most parent-affiliate linkages are horizontal, firms should find it optimal to locate affiliates in a region decorrelated with their region of origin (Ramondo and Rappoport, 2010) . So, this biases our results downward, meaning that our estimates are a lower bound. If the links are vertical, then reverse causality is more doubtful. Actually, to our knowledge, there is no theory in which the correlation between the region of location of the parent and the affiliate is a motive for the location of foreign affiliates. It may be that the two are correlated, because the industry structure of the region of location implies that the region of the parent and the affiliates are correlated. However, once we control for the characteristics of the regions and the similarity of the production structure, the effect of business cycle comovement on the decision of location should be negligible.
Foreign Affiliates and Comovement Between Regions and Countries
Our analysis focuses on the correlation of GDP growth rates between 21 Metropolitan French regions and 162 countries over the 1990-2006 period. The correlation between region r and country c, ρ rc , is used as the main dependent variable. The correlation is defined as follows:
In a robustness check, we also use the correlation of the cyclical components of regional
To examine the effect of foreign affiliates on business cycle comovement empirically, we estimate the following cross-section equation where the covariates are taken for 2004.
F M E cr is an indicator of the importance of foreign affiliates from country c in region r. X cr is a matrix of other covariates. We control for the demand and supply shocks by adding two vectors, ν r and ν c , of country and region fixed effects. rc is the disturbance term.
As argued by Lipsey (2008) , the measurement of the location of the production of a multinational might be influenced by the tax strategies followed by the parent firm. The measurement of the F M E cr indicator is not straightforward. In order to control for the importance of foreign affiliates in French regions, we take employment rather than value added because we believe that employment is less subject to manipulation for tax reasons (Lipsey, 2008) . F M E cr is the the share of employment by foreign affiliates of country c in region r.
where Emp f cr is the employment of firm f with ownership from c in region r. The denominator, Emp r is the total employment in region r. In Table 14 and 15 of Appendix E, we reproduce our results using the share of the value added of foreign affiliates from country c in the GDP of region r as an alternative measure of the importance of foreign affiliates.
The comovement of business cycles might be driven by foreign affiliates because of production sharing motives with their country of ownership. We construct an indicator of the intensity of intra-firm trade between the foreign affiliates in r and their parents in c, IF cr . This variable is constructed as follows:
where IF EX f cr is the value of intra-firm export from the affiliates in region r to the parents in country c. IF IM f cr is the value of intra-firm import of the affiliates in region r from the parents in country c. As the intra-firm trade variable is constructed from a survey, it is not directly comparable to the regional share of employment of foreign affiliates. In the following regression analysis, we will investigate their effect separately.
The literature has emphasized other important determinants of business cycle comovement. We include them in the X rc matrix. A first important factor relates to bilateral trade intensity (Frankel and Rose, 1998) . We construct the index of bilateral trade intensity as the ratio of exports and imports between country c and region r over the sum of the region and country GDP.
where x cr denotes the value of exports from r to c and m cr represents the value of imports to r from c.
It has also been shown that the productive structure as well as the structure of bilateral trade are key determinants of business cycle comovement (Imbs 2004) . The computation of an index of dissimilarity is thereby based on detailed sector data. Yet we do not have harmonized data to compare regions and countries. 20 We cannot compute an accurate measure of dissimilarity from the production data. Yet it is important to control for the similarity of regions and countries, since more similar partners are likely to face the same supply and demand shocks. A higher similarity should therefore lead to a greater synchronization of business cycles. Instead of relying on production data, we use information on the structure of bilateral trade between countries and regions. The French Customs data is therefore taken to allocate exporters and importers across regions. We then calculate an index of Grubel and Lloyd for each pair of country and region.
where X k cr and M k cr are the exports to and imports from country c, by region r, for sector k. In our analysis, we consider 4-digit level sectors of the HS nomenclature. An index close to one means that country c and region r trade similar types of products: they are engaged in intra-industry trade.
It is also likely that regions and countries that are geographically close to each other are affected by similar demand and supply shocks (Clark and van Wincoop, 2001 ). To capture geographical proximity, we use the distance and the presence of a common border between region and country. The border variable, Border rc equals one if country c and region r share a common border. To compute the distance between country c and region r, we first identify the latitude and longitude of each firm in our sample and of the capital city of each country. We then compute the distance between each firm and each country. The distance between region r and country c is the arithmetic average of the individual distance that separates the firms of region r and the capital of country c.
where dist f c is the distance between firm f (from region r ) and the capital of country c, and N r f is the number of firms in region r.
There are other factors that might influence the synchronization of business cycles. Kose and Yi (2006) , Imbs (2004) and more recently Kalemli-Ozcan, Papaioannou and Peydró (2009) show that increased financial integration affect business cycle comovement across countries. We do not have information on this later determinant. However, the region fixed effects should control for the overall financial integration.
Intra-national Business Cycle Correlations
While the first part of the econometric analysis focuses on the correlation of French regions with foreign countries, our data allow to investigate the role of foreign affiliates in the business cycle comovement between French regions. In other words, we can investigate whether the importance of German affiliates in regions such as Alsace and Midi-Pyrénées contribute to the synchronization of the cycles in these regions. The bilateral correlation of the 21 French regions is measured using both the GDP growth rates and the HP-filtered GDP over the 1990-2006 period.
We examine whether French regions that have the same composition of foreign affiliates in terms of ownership exhibit a higher comovement in their business cycles. Therefore, we construct an indicator, DisF M E, that measures the similarity in the composition of the nationality of ownership between French regions:
where r and r are two French regions, Emp rc is the employment in region r made by foreign affiliates owned by firms from country c, and Emp r is the total employment of region r. The index takes a value of 0 for pairs of regions having the same composition of intensity in the value added shares of foreign affiliates. Notice that the share
Emprc Empr
sums to one if all the jobs of region r are made by foreign affiliates.
While the dissimilarity of production structures cannot be properly computed when comparing French regions and countries, such a measure can be computed when we analyze the business correlation between regions. The similarity index is calculated as follows:
where s rk is the share of sector k in the GDP of region r. The data on the contribution of the different sectors to the GDP of the regions are from the Comptes regionaux provided by the INSEE. The Comptes regionaux distinguish five sectors: agriculture and fishing, industry, building, and two broad classes of services. Ideally we should control for the bilateral trade between French regions. However, we do not have such data. Instead, we use the standard gravity determinants to proxy bilateral trade between French regions.
21 To do so, we introduce a border dummy in our regressions, the bilateral distance separating French regions and a full set of region fixed effects. We construct the distance between French regions from the information on the distance across French departments.
22 The bilateral distance between two regions is the weighted average of the distances between all the departments of the two regions:
where d and d are the departments of regions r and r respectively, and N d and N d are the number of departments of regions r and r . Finally, we estimate the following equation that links the bilateral correlation of cycles between pairs of regions with the similarity of their FME ownership, the similarity of their production structure, the bilateral distance between the two regions and a dummy equal to one if the regions have a common border:
The descriptive statistics of the variables used in both approaches are given in Table 6 .
Econometric Results
In this section, we successively implement the two empirical methodologies and present the results. The first part investigates the impact of foreign affiliates on the GDP growth rate correlations between French regions and the countries studied. We show a positive correlation between the share of employment by foreign affiliates and the business cycle comovements between their region of location and their parent country. Bilateral trade is not statistically significant when we control for bilateral distance and adjacency. As emphasized in the empirical trade literature, these latter covariates are important predictors of trade.
In our second methodology, we investigate the role of foreign affiliates and their different nationalities for the bilateral correlation of business cycles across French regions. We control for the role of the similarity of production structures between regions. We show that the dissimilarity in the nationality of ownership reduces the correlation in business cycles.
Foreign Affiliates and Comovement between Regions and Countries
The Impact of the Share of Employment of Foreign Affiliates
The regression results are presented in Table 7 . As a reminder; we are interested in the impact of foreign affiliates from country c that are located in region r on business cycle comovement. Our variables of interest are the employment share of foreign affiliates and the trade variables. 23 The specifications include region and country fixed effects to control for country-and region-specific shocks. Our specifications with fixed effects explain about 69% of the variation of the business cycle correlations.
24
Looking across each specification in Table 7 , we see strong evidence that the share of employment by foreign affiliates increases the correlation between their country of ownership and the region of location. In addition to the share of employment produced by foreign affiliates, we also find evidence that bilateral trade and intra-industry trade have positive effects on the synchronization of business cycles. As we will see later on, their effects are however less robust. Compared to column (2), the bilateral trade variable is estimated with a lesser degree of precision once we include the F M E cr variable in column (3). This is an indication of the importance of foreign affiliates in the bilateral trade of the regions.
In order to show that the impact of the share of employment by foreign affiliates is not only significant but also quantitatively important, we have computed the standardized coefficient of the F M E cr variable. Based on the preferred estimates from (5) that include full sets of fixed effect controls, the standardized coefficient of the F M E cr variable is 0.06 while the standardized coefficient of the BT cr variable is 0.03. The effect of foreign affiliates is therefore large enough to be of substantive interest. Since we estimate a linear model, we can evaluate the elasticity of the F M E cr variable at mean values. Taking information from Table  6 , we find that a 10% percent increase in the employment share of foreign affiliates raises the business cycle correlation between their country of ownership and their region of location by about 0.5%. The bilateral trade variable as well as the intra-industry trade variable are however not significant once we control for the exogenous component of business cycles, such as bilateral distance and borders. Note that distance and borders do not influence the coefficient of the employment share of foreign affiliates significantly.
Our explanatory variables are computed for the year 2004. Table 8 repeats the crosssectional estimates of columns 5 of Table 7 using explanatory variables computed from 1999 to 2004.
25 As we can see, the results barely change and the robustness is high. Note that in four columns, the coefficient of the intra-industry trade variables enters the specifications significantly (at a 10% level).
In Table 9 , we use the HP-filtered GDP correlations as a dependent variable. The estimated coefficients of the F M E cr variable is now halved, but it is still economically important. Given the information in Table 6 , we find that a 10% percent increase in the employment share of foreign affiliates raises the HP-filtered GDP correlations by about 0.17%. While estimated with a lower degree of precision, the coefficient remains statistically significant. As in Table 7 , we do not find any evidence of a significant effect of the trade variables.
In Tables 14 and 15 , we show that our results are qualitatively similar when measuring 23 In Appendix E, we reproduce Table 7 and 9 using the foreign affiliate value added share in the regions rather than their employment share. The results are qualitatively similar using both the correlations in growth rate as well as the HP-filtered GDPs.
24 The specification without fixed effects explains about 3% of this variation. This finding is in line with Baxter and Kouparitsas (2005) , who find a similar R 2 in the univariate analysis of trade on business cycle comovement.
25 The GDP correlations are computed over the 1990-2006 period.
the presence of foreign affiliates by value added rather than employment.
The Impact of Intra-firm Trade
In this section, we investigate the effect of intra-firm trade on comovement. We view intrafirm trade as an alternative measure of the presence of foreign affiliates. With this measure, whatever the specification, the findings are qualitatively the same as the results measuring the presence of foreign affiliates through employment or value added. We go a step further Burstein, Kurz and Tesar (2008) by taking the nationality of ownership of the foreign parents and the regional dimension into account. Table 10 reports regression results of business cycle correlations on the intra-firm trade of foreign affiliates. 26 We further use the correlation between HP-filtered GDP growth rates as a dependent variable in Table 11 . Our specifications include both country-and region-specific effects. They explain about 69% of the variation in business cycle comovement.
We find a positive and significant impact of the intra-firm trade of affiliates with their parent countries on business cycle correlations. The estimated coefficients are robust across specifications and are estimated with a large degree of precision. Computing the elasticity at the means of the independent variables in column 5, we find that a 10% increase in intrafirm trade intensity raises the GDP growth rate correlations by 0.18%. The estimates of the intra-firm trade variable remains significant even if we include the bilateral distance and border variables.
As in Table 7 and 9, the effect of the bilateral trade variables is not robust across specifications. The impact of bilateral trade is not statistically significant once we introduce the bilateral distance and border variables. The distance and border coefficients are not statistically significant. Interestingly, and contrary to the previous results, we do not find a significant impact of the intra-industry trade variable once we include the intra-firm share variable.
Intra-national Business Cycle Correlations
The analysis hereto has shown that foreign affiliates have a positive effect on the synchronization of business cycles between French regions and the countries studied. What about the synchronization of intra-national cycles? The importance of German foreign affiliates in Alsace and in Midi-Pyrénées might well synchronize the GDP growth rates of both regions. We investigate this type of effect in Table 13 . In columns 1-4, the business cycle correlation is measured by the correlation of GDP growth rates while in columns 5-8, we use the HPfiltered GDP to compute it. In columns 4 and 8, the specifications include the industrial structure similarity, the distance and the border variables as well as the dissimilarity in the nationality of foreign ownership. All specifications include region-specific effects.
The dissimilarity index (DisF M E) enters the specifications negatively and it is significant. In column 4, a 10% increase in the dissimilarity of foreign ownership reduces the 26 Intra-firm trade information is available only for 1999.
business cycle correlations between French regions by 2.5% on average. This shows that the nationality of ownership plays a significant role in explaining the synchronization of business cycles. This effect is robust to the inclusion of region fixed effects, but also to the introduction of exogenous components of intra-national cycles, such as bilateral distance and border. Notice that the distance and border variables are insignificant.
In line with Imbs (1999) and Imbs (2004) , synchronization appears to be larger in regions that share similar sectoral production patterns. The production structure dissimilarity variable is negative and significant. It is robust across specifications.
Conclusion
This paper examines the ownership composition of firms within French regions to shed light on the role of foreign affiliates in explaining business cycle comovements. Foreign affiliates are linked to their foreign parents via intra-firm trade, technology transfers, direct investments or their decisions on production. They may thus transmit shocks across borders as long as they contribute largely enough to the economic outcomes of their host region.
Using rich data on the universe of French firms and their activities in France, we establish that the share of majority-owned foreign affiliates is larger among large firms than among smaller ones. Therefore, while there are very few majority-owned foreign affiliates, their contributions to the economic activities of France and its regions are substantial. The data also reveal that the distribution of the activities of foreign affiliates based on their nationality is heterogeneous across French regions. We exploit this to evaluate the role of foreign affiliates in synchronizing intenational business cycles.
We show that the presence of foreign affiliates -either measured through employment, value added, or intra-firm trade intensity -in a region increases the correlation between the fluctuations of the GDP of the region and that of the country of ownership significantly. We also demonstrate that French regions which host foreign affiliates which come from the same countries exhibit greater comovement of GDP growth.
The literature has shown that large firms contribute to aggregate volatility; we show that they also contribute to aggregate co-fluctuations when they are foreign-owned. Our findings thus point to previously unexplored dimensions of the impact of large firms on aggregate outcomes. Since they are important traders, the influence of bilateral trade on business cycle comovements turns out to not be robust. This suggests that multinational linkages are more important that trade linkages.
The nationality and ownership structure of the firms are two dimensions that seem to have important implications for aggregate trade, employment and comovements. One extension of this study that we would consider especially worthwhile is to identify whether the idiosyncratic shocks of multinational firms are specific and important forces explaining these aggregate outcomes.
A Data Appendix
We build a database that describes value added, employment, and sales in the manufacturing, extractive, agricultural sectors of French regions, as well as their bilateral exports to and imports from 162 partner countries and the value of intra-firm trade.
27 Within regions, we disentangle activities based on the ownership of firms. Namely, we distinguish activities generated by independent firms, French affiliates, and foreign affiliates (depending on their parent country). The data are matched to a vector of bilateral correlations of business cycles between 21 Metropolitan French regions and these 162 countries.
28 This dataset is built from the aggregation of several sets of micro-data that are provided by different French administrations.
Firms in France need to report their tax statements (through one of three alternative regimes) to the tax administration. The Bénéfice Réel Normal (BRN) needs to be filed by all firms that have an annual turnover of more than 763,000 euros in manufacturing and more than 230,000 euros in services. Firms with a lower turnover might still opt for the BRN regime, but they are automatically registered under the Regime Simplifié d'Impositions (RSI) instead of the BRN. Firms file for an RSI account for an annual turnover of less than 4% and a total employment of less than 11% (see di Giovanni, Levchenko, and Méjean 2011). Entrepreneurs (owner-manager-single-employee firms) with an annual turnover of less than 80,300 euros are subject to the MicroBIC regime, Micro Bénéfice Industriel et Commerciaux. These firms have a negligible weight in the distribution of annual turnover, value added and employment. Of all those regimes, the BRN is the most comprehensive regarding the information available, including balance sheet information on total employment and total value added.
The BRN is merged to "LIFI élargi", a dataset that has information on the ownership and nationality of the parent company of firms located in France. The dataset combines two sources of information. First, a survey on "large" firms that gives detailed information on the ownership of groups, the link between affiliates (at home and abroad), and information on shareholders. Only firms with more than 500 employees, or having a yearly turnover greater than 20 million euros, or having more than 1.2 million euros of shares of other firms are subject to this survey. The survey is completed with DIANE, a dataset that reports financial linkages between firms. Firms with an annual turnover above one million euros are surveyed. Notice that relatively large firms are surveyed, but they indicate their financial links with all their affiliates (if any) irrespective of their size. Furthermore, the sample of firms that are surveyed (the ones with more than 500 employees or more than 1 million euros of turnover) represents half of the firms, but these firms account for 94% of total value added.
We classify firms according to their nationality and ownership. We denote by IND (for independent), French domestic firms, which are located in France and not owned by a group. A French affiliate, MNE, is located in France and owned by a French group. We denote by FME foreign affiliates, which are located in France and owned by a foreign group. Later on, we will distinguish the foreign affiliates based on their nationality. At this stage, our data consists of an exhausitve panel of 184,929 firms, for the 1999-2004 period.
We merge the data with a dataset provided by French Customs that gives information on bilateral exports and imports of firms located in France. For each firm, this database reports the bilateral free-on-board value, the quantity of exports, the cost-insurance-freight value and the quantity of imports. Extra-European shipments of a value which is less than 1,000 euros are subject to a simplified declaration procedure and do not appear in our data. Within the Single European Market, the reporting threshold is based on the cumulated yearly export value of each firm (all destinations within the EU). This threshold has increased over time, up to 100,000 euros in 2002 and 150,00 euros in 2003.
Information on intra-firm trade is taken from the EIIG firm-level survey (Échanges Internationaux Intra-Groupe.) The data are provided by INSEE (Institut National de la Statistique et de Etudes Economiques) and are only available for 1999. The survey was addressed to all French firms whose value of trade was over 1 million euros, owned by groups that controlled at least 50% of the equity capital of a foreign affiliate. It provides a detailed geographical breakdown of the import and export value of French firms at product level (HS4) and their sourcing modes -outsourcing and/or intra-firm trade.
We aggregate the firm-level data at the regional level. A firm located in France might have several plants in different regions. When it comes to filing the BRN or the Customs' forms, the value added, sales or trade values are always allocated to the region of the headquarters of the multi-plant firm. In order to compute the regional GDP, the INSEE reallocates the value added of multi-plant firms based on the share of employment made by plants in each region. Each plant is recorded in a dataset called STOJAN that has limited plant-level information, mostly on its employment and its identifier. The identifier of the plant is such that it can be easily merged to the identifier of the firm. We use STOJAN to reallocate the value added, sales and trade of multi-plant firm. In our sample, only 1.8% of firms are multi-plant and multi-region. Yet these firms account for 9.8% of total employment. 29 We are now able to aggregate the statistics at the level of each of the 21 Metropolitan regions. This database at the regional level is then combined with a dataset that contains the correlation of the business cycles between a French region i and a partner country c. We consider 162 partner countries over the 1990-2006 period. The correlation of the cycles between region i and country c is computed as the correlation in the annual growth rates or the correlation of HP-filtered GDPs.
As a measure of regional GDP, we use the publicly available GDP computed by INSEE over the 1990-2006 period. We combine it with World Bank data for the GDP of countries, in current US dollars. While the GDP of the countries are in dollars, the French regional GDPs are in euros. We convert the GDP of the countries into euros using the EUR-USD exchange rate given by Eurostat. The database is completed with the total exports and imports of the partner countries that we take from the Direction Of Trade Statistics (DOTS). 29 We have access to this data for the 1999-2004 period. Figure 1: Tables   28   Table 1 This table investigates the determinants of the bilateral comovement of business cycles between French regions and foreign GDPs. The comovement is measured by the correlation of the yearly growth of region r and country c GDPs over the 1990-2006 period. The explanatory variables are the share of employment (F M E crt ) made by foreign affiliates from country c in region r at period t, the bilateral trade (BT _cr) between region r and country c, normalized by the two GDPS, the share of intra-industry trade (IIT _cr) between region r and country c, the bilateral distance, and a dummy equal to one for contiguous region-country pairs. All regressions include region and country fixed effects. Robust t-statistics are reported between parentheses. c , b , and a indicate significance at 10, 5, and 1 percent levels. ) with country c made by foreign affiliates from country c in located region r over the region's GDP, the bilateral trade (BT cr ) between region r and country c, normalized by the two GDPs, the share of intra-industry trade (IIT cr ) between region r and country c, the bilateral distance, and a dummy equal to one for contiguous region-country pairs. All regressions include region and country fixed effects. Robust tstatistics are reported between parentheses. c , b , and a indicate significance at 10, 5, and 1 percent levels. This table investigates the impact of dissimilarity in the nationality of foreign affiliates between French regions on the bilateral correlation of business cycles across regions. In columns 1-4, the explained variable is the bilateral correlation of GDP growth across regions. In columns 5-8, the explained variable is the bilateral correlation of HP-filtered GDPs. DisF M E rr (Empl.) measures the dissimilarity in the nationality of foreign affiliates for region pairs in terms of employment presence. S rr measures the dissimilarity in the economic structure of region pairs. Dist rr is a measure of the bilateral distance between regions. Border rr is a dummy equal to one if region pairs share a common border. Two sets of region fixed effects are introduced in all the regressions. Robust standard errors are reported. c , b , and a indicate significance at 10, 5, and 1 percent levels. This table investigates the impact of dissimilarity in the nationality of foreign affiliates between French regions on the bilateral correlation of business cycles across regions. In columns 1-4, the explained variable is the bilateral correlation of GDP growth across regions. In columns 5-8, the explained variable is the bilateral correlation of HP-filtered GDPs. DisF M E rr measures the dissimilarity in the nationality of foreign affiliates for region pairs. S rr measures the dissimilarity in the economic structure of region pairs. Dist rr is a measure of the bilateral distance between regions. Border rr is a dummy equal to one if region pairs share a common border. Two sets of region fixed effects are introduced in all the regressions. Robust standard errors are reported. c , b , and a indicate significance at 10, 5, and 1 percent levels.
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E Web Appendix not to be published This table investigates the determinants of the bilateral comovement of business cycles between French regions and foreign GDPs. The comovement is measured by the correlation of the yearly growth of region r and country c GDPs over the 1990-2006 period. The explanatory variables are the value added share (F M E cr ) made by foreign affiliates from country c in region r, the bilateral trade (BT cr ) between region r and country c, normalized by the two GDPs, the share of intra-industry trade (IIT cr ) between region r and country c, the bilateral distance, and a dummy equal to one for contiguous region-country pairs. All regressions include region and country fixed effects. Robust t-statistics are reported between parentheses. c , b , and a indicate significance at 10, 5, and 1 percent levels. and foreign GDPs. The comovement is measured by the correlation of the yearly growth of region r and country c GDPs over the 1990-2006 period. The explanatory variables are the value added share (F M E cr ) made by foreign affiliates from country c in region r, the bilateral trade (BT cr ) between region r and country c, normalized by the two GDPs, the share of intraindustry trade (IIT cr ) between region r and country c, the bilateral distance, and a dummy equal to one for contiguous region-country pairs. All regressions include region and country fixed effects. Robust t-statistics are reported between parentheses. c , b , and a indicate significance at 10, 5, and 1 percent levels.
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